Background. A prospective study of infectious encephalitis was conducted in France in 2007. In total, 253 patients were enrolled with a proven etiological diagnosis for 52%. The cohort of surviving patients with encephalitis was assessed for sequelae and impairment 3 years after enrollment.
Acute encephalitis has been described in large studies, giving an overview of acute clinical disease and improving knowledge about their etiology [1] [2] [3] . The existence of persisting symptoms and sequelae after acute encephalitis was first reported in 1923 [4] . However, most articles described short case-series, or focused on herpes simplex encephalitis (HSE) [5] [6] [7] [8] despite the large number of possible causative agents [9] . Studies about the sequelae in patients with encephalitis of various causative agents are rare [10] [11] [12] [13] .
In 2007, we enrolled 253 patients with encephalitis in a prospective national multicenter study in France and demonstrated a specific causative agent for 52% of cases [2] . Initial clinical presentation and short-term outcome in the enrolled patients were described elsewhere [2] . The objective of this work is to assess long-term sequelae and quality of life 3 years after enrollment in the prospective cohort of patients with encephalitis who survived the acute episode in 2007.
METHODS
In 2007, 26 of 253 patients died during hospitalization, 10 refused to participate in the long-term follow-up, and 10 were transferred abroad ( Figure 1 ). Two patients with diagnoses of Gougerot-Sjögren or opsoclonus-myoclonus syndrome after discharge were excluded a posteriori. Therefore, 205 patients were eligible for the follow-up study.
Data were collected by telephone 27-40 months after onset of encephalitis (median and mean, 31) using closed-question standardized questionnaires about general and neurological symptoms, current treatments, patients' return to work or school, and the resumption of previous leisure activities. The cognitive decline was assessed with patients' relatives using the short version of the IQCODE (Informant Questionnaire on Cognitive Decline in the Elderly) [14, 15] . Cognitive decline was defined as an IQCODE score .3, and major cognitive decline as a score at least equal to the mean score of all cases plus 2 standard deviations. Because the IQCODE compares the situation at the time of assessment with the situation 10 years before in adults, we used it in patients .26 years old. The quality of life was assessed using a structured questionnaire about emotional and physical state.
The Glasgow outcome scale (GOS) was used as the main outcome measure [16, 17] . A favorable outcome was defined as a GOS score of 5 ( Table 1 ). The GOS scores of all eligible patients were assessed by the collegial review of the clinical data by the authors. If a patient had died since discharge, information about the cause of death was collected from the general practitioner (GP) and, if needed, from the relatives.
Patients whose encephalitis could not be considered as the immediate or contributory cause of death according to the international recommendations for death certification [18] were excluded from the analysis, as well as those for whom the cause of death was unknown.
All Of the 15 patients unavailable for follow-up, 12 had no causative agent identified, 1 had varicella-zoster virus encephalitis, and 2 had Mycobacterium tuberculosis encephalitis. Four of 5 patients who refused follow-up had no causative agent identified, and 1 had herpes simplex virus encephalitis. The 9 deaths that were unrelated to encephalitis or undocumented were caused by cancer (n 5 3), accident (n 5 2), age-related comorbid conditions (n 5 1), death during cardiac surgery (n 5 1), or unknown causes (n 5 2). 
RESULTS

Demography
In total, 176 of 205 eligible patients could be included in the study: 167 surviving patients (81%) and 9 patients (5%) whose death was related to encephalitis ( Figure 1 ). Among 29 nonincluded patients, 9 had died and their death was not related to the encephalitis (n 5 7) or the cause of their death could not be assessed (n 5 2), 15 were unavailable for follow-up, and 5 refused to participate. The causative agents of encephalitis and the demographic features of the patients are described in Table 2 . A causative agent had been identified in 91 of 176 patients during their initial hospitalization. Among 167 living patients, data were collected from the triumvirate patient, family, and GP for 98 patients, from 2 sources for 63 patients (patient plus family, n 5 21; patient plus GP, n 5 11; family plus GP, n 5 31), and from 1 source for 6 patients (family, n 5 5; GP, n 5 1). Thirty-seven patients (22%) were unable to answer the questionnaire by themselves because of deafness (n 5 4), memory impairment (n 5 3), vegetative state (n 5 3), poor understanding of French (n 5 5), refusal of the family (n 5 10), and age ,10 years (n 5 12).
Long-term Outcome
In total, 108 of 176 patients (61%) had a favorable outcome, 71 (40% of total) having fully recovered (Table 1) . Sixty-eight patients (38%) had a poor outcome: 25 (14%) experienced severe disabilities, 31 (18%) had moderate disabilities, 3 were in a vegetative state, and 9 (5%) died (Table 1) . A favorable outcome was more frequent in children than in adults (81% vs 62%), but the difference was not significant (P 5 .09).
The 9 encephalitis-related deaths occurred 38-809 days after discharge (median, 505 days) in 6 women and 3 men. A 1-yearold child with influenza A encephalitis experienced recurrent neurological signs and later died while in a coma, 8 months after discharge. Another 1-year-old child presenting with encephalitis of unknown origin, who had been discharged to a long-term medical facility, died 4 months later. The last 7 deceased patients were 56-86 years old (mean age, 75 years) and had had encephalitis due to herpes simplex virus (n 5 3), Mycobacterium tuberculosis (n 5 1), varicella-zoster virus (VZV) (n 5 1), or unknown origin (n 5 3).
Among 176 included patients, 43 (24%) had had HSE. Only 18 patients with HSE (42%) experienced a favorable outcome, compared with 90 other patients (68%) (P 5 .03), and 6 patients with HSE (14%) had fully recovered at follow-up, compared with 65 other patients (49%) (P 5 3.10 25 ) ( Table 2) . No HSE relapse occurred after discharge. In sum, 7 of 10 patients with tuberculosis and 3 of 4 with listeriosis experienced a favorable outcome, and all 3 patients with tick-borne encephalitis (TBE) presented with a moderate disability.
Persisting Symptoms and Cognitive Decline in Surviving Patients
The most frequent symptoms reported by the GPs of survivors were difficulties concentrating (42%), behavioral disorders (26.8%), speech disorders (19.9%), and memory impairment (19.3%) ( Table 3) . Compared with other patients, patients with HSE more frequently experienced concentration (P 5 .007) and behavioral (P 5 .001) disorders, especially disinhibition (P 5 .01), but the frequencies of memory impairment and speech disorders did not differ significantly. At the time of follow-up, 37 patients (22.2%) were treated with anticonvulsivant drugs (1 with intractable seizures), and 19 (11.3%) with antidepressive drugs.
Both patients with encephalitis due to Mycoplasma pneumoniae experienced a poor outcome. In a 6-month-old infant, the development of motor, sensorial, and cognitive functions stopped after the acute episode, with irreversible brain damage. The child was 3 years and 2 months old at the time of Abbreviations: GOS, Glasgow Outcome Scale; HSV, herpes simplex virus; M. tuberculosis, Mycobacterium tuberculosis; VZV, varicella-zoster virus. a In 2007, all adult patients with HSV encephalitis were treated with acyclovir for 2 or 3 weeks at a dosage of 10-15 mg/kg/8 hours. The 1-month-old patient received 20 mg/kg/8 hours for 3 weeks. Acyclovir was started 0-10 days after onset (mean, 1 day) [19] . b Causative agents included Listeria monocytogenes (n 5 4), tick-borne encephalitis (n 5 3), Mycoplasma pneumoniae (n 5 2), Epstein-Barr virus (n 5 2), cytomegalovirus (n 5 2), enterovirus (n 5 2), Legionella pneumophila (n 5 1), influenza A (n 5 1), Borrelia burgdoferi (n 5 1), Rickettsia coronii (n 5 1), Francisella tularensis (n 5 1), Cryptococcus neoformans (n 5 1), and Toscana virus (n 5 2).
Long- follow up and was unable to stand, stay sitting, talk or eat; was incontinent; and had no reaction to external stimuli. A 15-year-old girl presented with a major ataxia and limbs shaking at follow-up. She was unable to walk, stand, or write; needed a wheelchair; and had difficulties maintaining a social life and relationships with friends, especially at school.
Three patients were in a vegetative state at the time of follow-up: the 6-month-old boy with Mycoplasma encephalitis (see above), a 6-year-old boy, and a 60-year-old man with encephalitis of unknown origin. The IQCODE demonstrated a cognitive decline in 97 of 125 adult patients (77.6%), with a major decline in 10 (8%); IQCODE scores was positively correlated with age (q 5 0.39; P 5 10 26 ) but not with the causative agent of encephalitis.
Resumption of Previous Life Activities in 167 Surviving Patients
At follow-up, 20 (12%) were legally disabled according to the national health insurance (defined in France as a decrease of $66% in the ability to work): 8 presenting with HSE, 2 with VZV encephalitis, 1 with TBE, and 9 with encephalitis of unknown cause. Of 26 who were students or pupils, 3 (12%) did not resume their education due to lack of commitment (n 5 2) or major disability (n 5 1; vegetative state). Twenty (77%) had their education adjusted to fit their medical condition or impairment. Before encephalitis, 75 adult patients (45%) had no occupation: 65 (87%) were retired, and 10 (13%) unemployed for various reasons. At follow-up, 21 of 75 (28%) had resumed their previous leisure activities, 31 (41%) had abandoned $1 activity, and 23 (31%) had resumed none of their activities. Fourteen (20%) had new leisure activities, most being physically or mentally less challenging than their previous activities.
Sixty-three adult patients (36%) were employed at the onset of encephalitis. At follow-up, 46 (73%) had returned to work, 49% in the 3 months after discharge and 87% in the year after discharge. Sixteen (34%) had first resumed their occupation part time or with less responsibility. At follow-up, 7 (15%) had easier occupational tasks than before the encephalitis. Of 17 patients (27%) with no return to work, 2 retired shortly after hospital discharge, for a total of 15 formerly working patients (24%) unemployed at the time of follow-up. Eight (45%) of the previously working patients with HSE were unemployed at the time of follow-up. A return to work was significantly associated with the level of education; it was achieved in 74% of patients with college degree or higher vs 29% in others (P 5 .001). Among patients employed before encephalitis, a return to work was significantly associated with the resumption of leisure activities (P 5 2.10
24
).
Quality of Life
Seven patients divorced after hospital discharge and reported that their divorce was related to their encephalitis. Four others had to move to a new place more adapted to their medical condition. Of 125 patients who answered the quality of life questionnaire: 71 (56.8%) reported emotional troubles, 59 (46.8%) felt depressed, and 21 (16.8%) acknowledged difficulties in maintaining normal relationships. None of the items was associated with age, level of education, or the causative agent of encephalitis. Bradypsychia and chronic fatigue were spontaneously reported by 6 and 3 patients, respectively.
Factors Associated With the Long-term Outcome
Some variables were significantly associated with the outcome in univariate analysis and therefore included in the logistic regression: age, sex, presence of comorbid conditions, level of education, living in a house (vs an apartment), causative agent of the encephalitis, digestive symptoms before encephalitis, normal computed tomographic and magnetic resonance imaging findings, length of hospitalization, need for mechanical ventilation, and some symptoms at admission (disorientation, incoherent speech, cerebellar signs, meningeal signs). Imaging results were excluded from the multivariate analysis to limit missing data. In the final multivariate model, factors independently associated with a favorable outcome were causative agent of the encephalitis other than herpes simplex virus and VZV (P 5 .05) and high levels of education (P 5 .02), whereas the presence of comorbid conditions (P 5 .01) and increasing age at the time of onset (P 5 .01) were negatively associated with a favorable outcome ( Table 4 ). The P value for the Hosmer and Lemeshow goodness of fit test was .98.
DISCUSSION
We assessed the outcome in patients with encephalitis 3 years after hospital discharge. To our knowledge, this is the largest published cohort studying sequelae after encephalitis of various causes. The mean 31-month delay between onset and follow-up may allowed a good overview of sequelae, because recovery happens more rapidly initially and then slows down. In our study, 61% of patients experienced a favorable outcome, which was comparable to the neuropsychological outcome in 45 Finnish patients presenting with encephalitis of various causes [10] . The comparison with other studies is difficult owing to different methods (especially length of follow-up, assessment) and study periods ( Table 5 ). The oldest studies found higher frequency of sequelae, but most were monocentric case patient series with possible selection bias [4, 7, 13] . More recently, 198 patients with encephalitis (including those with noninfectious causes) had less favorable GOS results, but they were assessed 6 months after discharge; their medical condition may have improved after the assessment. The long-term outcome of HSE has been studied, demonstrating a full recovery in 14% [6] , in 17% [8] , and 48% of patients [5] . Our results are comparable to those of the first 2 studies. The results of the third study are difficult to interpret because patients were enrolled during a 12-year period and evaluated 6 months to 11 years after onset [5] .
A large number of patients in our study, altogether 61.2%, presented with persisting symptoms or impaired quality of life. Some authors have described a complete neuropsychological assessment of great value but did not describe the persisting symptoms or only those after HSE (Table 5 ). We demonstrated that symptoms can persist in encephalitis of all origins 3 years after discharge. The most frequent persisting symptoms were concentration and behavioral disorders, and 57% of patients with emotional disorders and 47% of patients felt depressed. These symptoms have been described as usual sequelae of traumatic brain injuries, suggesting common patterns in the evolution of both syndromes [21] .
Patients with HSE had a low case fatality rate during hospitalization in 2007 [2] . All surviving patients with HSE were started on treatment with acyclovir a mean of 1 day after onset (0-10 days) and treated according to recommendations [19] . A major improvement in the short-term outcome has been achieved, thanks to acyclovir, but our data emphasize their poor functional outcome and the need for further research to improve the long-term medical condition and quality of life in surviving patients. In contrast, we observed that patients surviving acute encephalitis due to tuberculosis or listeriosis had a favorable long-term outcome, although these bacteria accounted for the highest case-fatality rate in the early stage of the disease [2] . However, these results should be carefully interpreted considering the low number of patients. Unexpectedly, both enrolled patients with Mycoplasma encephalitis had major disability at follow-up. The diagnosis in these 2 patients was achieved by demonstrating seroconversion during the acute episode. No large series have been published, but a meta-analysis demonstrated that more than half of the patients with Mycoplasma encephalitis fully recover [22, 23] . We enrolled few patients with Mycoplasma encephalitis because of a stringent case definition for confirmed cases; therefore, these 2 patients might not be representative of the previously reported clinical case patients.
The association of initial clinical presentation with short-term prognosis has been reported in the literature [1, 2, 8] . By contrast, no clinical features of the acute episode were associated with the long-term outcome in our patients. This might be explained by the death during initial hospitalization of those patients with the more severe acute clinical presentation. It could also be hypothesized that the acute presentation is related to specific neurological lesions and nonspecific infectious pathophysiological process, the second being absent at the time of follow-up. As for the long-term outcome, the negative independent association of favorable outcome with comorbid conditions and age was expected. All groups of infectious agents, except VZV, displayed a better outcome than HSE. Finally, the main finding was the association of the level of education with the outcome. Such association has been known for years for stroke and traumatic brain injury but, to our knowledge, had never been described for encephalitis [24] [25] [26] [27] [28] . It might be explained by a better ability for relearning in these patients or by a higher income in the household, allowing better long-term management of impairment. These first results need further confirmation before one can conclude that patients with low levels of education require specific care after discharge.
We found an important proportion 25% of patients previously employed were unable to return to work and 34% of those who resumed work required an adaptation of their tasks. This emphasizes the heavy burden of encephalitis sequelae. As the outcome, return to work was associated with high levels of education. One explanation could be that decreasing the level of responsibilities is easier for persons with managerial occupations encompassing various tasks than for those with manual or unskilled jobs, for whom a comparable impairment might become a major disability, resulting in complete inability to work.
The strengths of our study are its prospective design, the number of patients, and their various etiological diagnoses. Their enrollment during a 1-year period makes it unlikely that their outcome was influenced by the evolution of patients' management. The crossed interviews of the patients, their relatives, and GPs probably limited the risk of underestimating or overstating of persisting symptoms.
Our study does have some limitations. First, because of a lack of funding, patients underwent neither clinical nor neuropsychological examinations. However, previous studies have demonstrated that encephalitis sequelae could be valuably evaluated by telephone interview [20, 29] . Furthermore, clinical features were reported by the GP following up the patients. The GOS has been proved valuable to assess the outcome after severe head injury [30] and encephalitis [1, 5, 8] . Despite clear guidelines avoiding misclassification, patients sharing the same score can present with very different levels of impairment [16, 17] . The IQCODE test was primarily designed for aged patients. However, we used it to assess cognitive decline in our study because: it can be used in patients unable to undergo evaluation; the results are independant of premorbid intelligence and level of education; and the results correlate with those of the mini mental state examination [14] . The IQCODE has also been used in younger patients after stroke [31] . Cognitive decline and dementia have been described after HSE [10, 32] but have not been assessed in a population of patients with encephalitis of various origins. In our study, cognitive decline was found to be logically associated with age but not with any causative agent. Finally, 20 eligible patients could not be evaluated. We have no evidence as to whether or not they were unavailable for follow-up because of their sequelae. If we assume such a link, the long-term burden of encephalitis might be underestimated in our study.
CONCLUSIONS
We carried out what was to our knowledge the first long-term follow-up study in a population of patients with encephalitis of various infectious causes. Our results demonstrate the frequent evolution of acute infectious encephalitis toward a chronic neurological disease requiring long-term management. Although the prognosis of HSE has been dramatically improved by acyclovir, these patients still carry the heaviest burden of sequelae. Long-term evaluation and neuropsychological rehabilitation should be included in guidelines for the management of all patients with encephalitis, even those whose acute symptoms are apparently resolved at hospital discharge.
Notes
